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Spark plug and me-thod for producing it . 



The present invention relates to a spark plug according to the preamble of claim 1 . 
the spark plug comprising at least two electrodes, the electrodes being formed by 
first part made of a substrate material, and a surface part, more durable than the 
substrate material. The present invention also relates to a method according to 
claim 6 for producing a spark plug for an internal combustion engine, the spark 
plug having at least two electrodes. 

Spark plugs are generally used in e.g. internal combustion engines for igniting the 
mixture of fuel and air/oxygen In the combustion chamber. This Is accomplished by 
introducing a relatively high voltage difference between the electrodes of the spark 
plug, whereby a spark igniting the mixture is fonned. 

Currently, the development of the spark plugs of internal combustion engines is 
more and more based on utilizing metals and metal alloys of the Pt group (Pt, Pd, 
Ir, Rh, Ru. Os) having a high melting point and good resistance to oxidation 
erosion and spark erosion. This development has been more pronounced 
especially with the increased service life and reliability requirements of the gas 
engines having pre-chambers. For example, the publications US 6078129 and JP 
1 1-003765 disclose the use of an iridium alloy belonging to the Pt group. 

It has been estimated that during ignition the surface temperature of the electrodes 
is In the range of 2000 - 3000 "C, so a good resistance to, for example, oxidation is 
required of the material. The large changes of temperature also require a high 
resistance against, for example, the thermal fatigue of the joints. In publication US 
6078129, a part made of iridium alloy has been fastened to the centre electrode of 
the spark plug by means of laser welding. Melt welding, however, produces a joint 
surface that is not optimal for this application. A melting zone is produced in the 
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method, requiring a larger material thickness of the joined part. Further, brittle 
areas can be fonmed in the interface surface and it can become relatively 
inhomogeneous. 



The electrode materials must also have a good resistance to corrosion. Resistance 
to corrosion and oxidation together enhance improvement of wear resistance, as 
wear usually occurs through spark erosion and/or oxidation wear. It is known that 
the service life of metals having a high melting point and belonging to the Pt group, 
such as iridium and platinum and their alloys, in such applications is usually 
sufficiently long. Especially iridium and its alloys with, for example, rhodium or 
rhenium, has considerably enhanced the increase of the service life of spark plugs. 
Rh and Re mainly increase the oxidation resistance of iridium. The construction 
and method of production of a spark plug is not, however, currently very preferable. 

The present invention relates to a spark plug for an internal combustion engine 
minimizing the problems of prior art. The invention especially relates to a spark 
plug for an internal combustion engine achieving a long service life. The invention 
also relates to a method of producing a spark plug for an internal combustion 
engine, by means of which the design of the spark plug is durable and the 
production process is inexpensive. 

The aims of the invention are mainly achieved as disclosed in the appended claims 
1 and 6 and more closely explained in other claims. 

In a spark plug for an intemal combustion engine having at least two electrodes the 
electrodes are formed of a first part, made of a substrate material, and a surface 
part, more durable than the substrate material. A characterizing feature of such a 
spark plug is that the surface part is joined to the first part by means of an 
intemnediate part and that the joint between the surface part and the Intermediate 
part is an explosion weld joint. Thus, the depletion of the surface part into the 
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substrate material can be minimized. Correspondingly, the joint between the 
substrate material and the intermediate part is preferably a conventional melt metal 
joint. This in turn allows the joining of the electrode to the surrounding construction, 
such as the body of the spark plug, to be carried out more easily and reliably than 
in prior art. The substrate material acting as the first part can be a part of the spari< 
plug body, especially in the case of a ground electrode. 

In an electrode according to the invention, the surface part is preferably formed of 
one or more of the metals of the Pt group (Pt, Pd, Ir, Rh, Ru. Os) or an alloy 
thereof. The joint between the surface part and the intermediate part is preferably 
homogenous on the area of the whole joint surface, whereby it is also strong. 

Preferably, in an electrode according to the invention the thickness of material of 
the surface part perpendicular to the surface of the joint between the surface of the 
electrode and the intermediate part is 0.05 - 2 mm. 

According to the invention, the method for producing a spark plug having at least 
two electrodes, in which spark plug the electrodes are produced from a first part, 
made of the substrate material of the spark plug, and a second part, made of a 
material more durable than the first material, comprises the following combination 
of production stages, in which 

- a blank is formed, comprising a surface part and an intermediate part, by joining 
the surface part to the intermediate part by means of explosion welding, 

- a part with a suitable form is separated from the blank to form the electrode of the 
spark plug, and 

- the part separated from the blank is fastened to the first part of the spark plug so 
that the joint is made between the said first part and the intermediate part. 
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According to one embodiment the surface portion of the blank is preferably formed 
of a^ planar piece consisting of one or more metals of the Pt group or an alloy 
thereof, the piece being explosion welded to the equally planar intermediate part. 

According to another embodiment the surface portion of the blank is preferably 
formed of a powder consisting of one or more metals of the Pt group or an alloy 
thereof, the powder being simultaneously solidified and joined to the intermediate 
part by means of explosion welding. 

The invention accomplishes a number of advantages which are disclosed in, for 
example, the following description of drawings. A factor haying an especial effect 
on the good quality of the final product is that the used joining method does not 
affect the microstructure, integrity or geometry of the actual electrode surface, 
because the intemriediate part allows the surface of the joint to the substrate 
material to be far enough from the surface part. 

In the following the Invention is described by way of example and with reference to 
the appended drawings, of which 

figure 1 is a schematical representation of a spark plug according to the invention, 

figure 2 is a spark plug of figure 1 seen from above, and 

figure 3 shows the principle of the method according to the invention. 

The spark plug 1 shown in figures 1 and 2 comprises three electrodes 2.1, 2.2 of 
which two are so-called ground electrodes 2.2 and one a so-called center electrode 
2.1. The operation of the spark plug is known as such and is not described here as 
not belonging to the invention. In the spark plug the center electrode 2.1 is 
supported to the body 3 of the spark plug by means of a separate insulation 4. 
According to the invention the spark plug consists of a first part 5 made of a 
substrate material, the first part possibly being a part of the body 3 of the spark 
plug. Further, the electrode consists of a surface part 7, more durable than the 



wo 2004/084367 PCT/FI2004/05002S 

S 

substrate material, the surface part being joined to the first part of tlie sparl< plug 
via an intermediate part 6 which is also a part of an electrode 2.1.2.2. In the 
invention, the surface part 7. which preferably is a metal or metal alloy of the Pt 
group, is joined as a thin film first to the more conventional and easier material, 
such as a heat-resistant steel or a super alloy, such as an Ni-based super alloy. 
With the reference to schematic figure 3. according to the invention the joining 
technology is such that the joint surface 10 is essentially homogenous. Preferably 
the joining method is explosion welding. The spark plug body as such, is 
manufactured in conventional manner, made of substrate material. According to 
the invention a planar blank 8 is formed by joining the surface part 7 to the 
intermediate part 6 making use of explosion welding. The blank may be e.g. a 
considerably big plate, from which a part 9 having a suitable form is separated. The 
part 9 consists of the surface part 7 and intermediate part 6. The part 9 is fastened 
to the spark plug body i.e. the first part 5 so that the joint is made between the first 
part 5 and the intermediate part 6. 

Explosion welding produces a lot of advantages for the production of the electrode 
and for properties during use. 

- There is no melt zone within the joint, whereby the depletion of the expensive 
metal of the Pt group into the substrate can be minimized, whereby also the 
said metal film can be thin. 

- Because of the above considerable cost savings can be achieved. 

- There are no brittle phases formed in the transfomiation zone near the interface 
surface between the Pt group metal film and the substrate material 

- The possibility of getting a very strong, slightly wavy joint surface. 

- Solid, homogenous and smooth joint surface, no separate beads. 

- The use of melt welding, causing the above-mentioned problems, can be 
avoided. 
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It is possible to use explosion welding for producing a two- or multi-layer plate, i.e. 
blank 8. from which parts 9 of suitable size or ready electrodes are separated, for 
example by means of laser cutting, water jet cutting or spark machining, to be 
further attached to the spark plug 1. These are attached to fom., for example, a 
ground electrode to the first part 5 of the electrode 2.1. 2.2 in connection with the 
body 3 of the spark plug. 

The attaching can be accomplished by using conventional means, such as laser 
welding, electron welding or friction welding. Soldering can also be used as an 
attachment means. 



Typically, hundreds of electrodes can be produced from an explosion welded blank 
8. Usually, the explosion welded surface does not need post-machining or grinding. 
Further, any heat treatment of the electrode blanks can be easily and inexpensively 
accomplished as the pieces are separate and compact in size. The gap is adjusted 
as necessary when the electrodes are fastened. 

The invention is not limited to the embodiments described here, but a number of 
modifications thereof can be conceived of within the scope of the appended claims. 



